Laser therapy could amplify the oral wound healing process by stimulating cell regeneration after injury, attenuating pain, and modulating the immune system. The purpose of this systematic review was to evaluate whether the application of laser therapy improved alveolar healing after tooth extractions. Eight electronic databases were screened: MedLine (PubMed), The Cochrane Library, Web of Science, Scopus, Lilacs, Ibecs, Scielo, and BBO. Three reviewers independently assessed the title and abstracts of potentially relevant studies. Only clinical trials and animal experiments that evaluated the wound healing effect of laser therapy after tooth extraction were included. A total of 16 studies fulfilled all criteria, thus 8 animal experiments and 8 clinical trials were included. Different types of laser were evaluated, such as CO 2 , GaAlAs, Nd:YAG, Diode Laser, HeNe, and High-frequency Pulsed Diode Laser. Although HF, Diode and GaAs lasers were able to enhance wound healing process in clinical studies, four trials and one animal experiment showed no improvement in wound healing with laser therapy after tooth extractions. In general, the current available evidence in the literature showed that laser therapy improved the wound healing process, but these findings were limited to the type of laser applied and its specific settings. Further well-designed and randomized controlled trials are needed to support a benefit effect of using laser therapy after tooth extraction. PROSPERO registration number: CRD42014007509 (2014).
The application of innovative methods such as laser therapy might be beneficial in many medical procedures, by improving the wound healing process and decreasing pain and swelling. 1, 2 The use of laser was first described by Mester et al. 3 in 1971, who showed an improvement in wound healing with the application of a low-energy (1 J/cm 2 ) ruby laser. There are different types of lasers used for photo-biostimulation, producing continuous, pulsed, or super-pulsed irradiation. 4, 5 Gallium-arsenide (GaAs) and helium-neon (HeNe) are the most common lasers used to promote wound healing and pain modulation.
2 CO 2 , Nd:YAG, GaAlAs, and HF laser have previously been described for tooth extraction. [6] [7] [8] In dentistry, laser therapy has been used for treating different syndromes and diseases, including dentin hypersensitivity, periodontitis, direct pulp capping, temporomandibular joint disorders, injury to the inferior alveolar nerve, and sagittal ramus osteotomy. [9] [10] [11] [12] Laser therapy could amplify the oral wound healing process by stimulating cell regeneration after injury, attenuating pain, and modulating the immune system. 12, 13 The use of laser to improve wound healing after tooth extraction has been suggested in many studies. 5, 14, 15 Alveolar wound healing following tooth extraction is a complex repair process involving different types of tissues, including the epithelium and bone. 5 The process involves an acute inflammatory phase, elicited by the wounding, followed by regeneration, migration, and proliferation of parenchyma and connective tissue cells, remodeling, collagenization, and finally acquisition of wound strength. 2 Laser therapy could accelerate and improve this process, acting as an important adjuvant treatment particularly for patients who may present compromised repair ability, including immunosuppressed, diabetic, and HIV-positive patients, providing more comfort after oral surgery. 15, 16 Although there are numerous applications for therapeutic lasers, their benefits in enhancing the wound healing process after tooth extraction is controversial. 1, 17, 18 The purpose of this systematic review was to assess the best evidence that showed whether laser therapy was beneficial in wound healing after tooth extraction or not. The study hypothesis was that laser therapy could improve the wound healing process after oral surgery for tooth extraction.
MATERIALS AND METHODS
The protocol of this review was registered in the international database for systematic reviews PROSPERO (CRD42014007509, 2014) . This review was reported Wound Rep Reg (2019) 27 102-113 © 2018 by the Wound Healing Society according to the PRISMA statement. 19 To formulate the question in evidence-based practice, the following PICO was used: Population: subjects or animals; Intervention: laser-irradiation after tooth extraction; Comparison: teeth without laser-irradiation; Outcome: wound healing. The research question was "Does laser therapy improve the wound healing process after tooth extraction?"
Electronic searches
The literature search was carried out by three independent reviewers (CLS, WLOR, and CHJL), without language and date restriction, in eight databases: MedLine (PubMed), The Cochrane Library, Web of Science, Scopus, Lilacs, IBECS (Indice Bibliográfico Español de Ciencias de la Salud), SciELO (Scientific Electronic Library Online), and BBO (Biblioteca Brasileira de Odontologia). The search strategy is detailed in Table 1 . The references of included articles were also screened. After identification in the databases, the articles were imported to Endnote X7 (Thompson Reuters, Philadelphia, PA) to remove duplicates. The last search was carried out on December, 2017.
Study selection
All titles and abstracts were analyzed and selected according to the eligibility criteria independently by the three reviewers. Clinical studies or animal experiments that evaluated the use of laser therapy after tooth extraction were included; and studies in which wound healing was the outcome analyzed. Conversely, studies were excluded when they did not evaluate wound healing after laser therapy; in vitro studies, review articles, case reports (or series of case reports); and studies published in languages other than English, Portuguese, or Spanish. Those appearing to meet the inclusion criteria, or in which there were insufficient data in the title and abstract to make a clear decision, were selected for independent full-text analyses. Any disagreement on the eligibility of studies was discussed between reviewers and the opinion of another experienced reviewer was decisive. For inclusion, the study should have quantitatively or qualitatively evaluated the wound healing process after tooth extraction including a comparison between at least one control group (no laser therapy) and one group subjected to laser therapy. Excluded from the study were articles that evaluated the effect of laser therapy on the wound healing process after other surgical procedures, or when comparison of the mentioned groups was absent.
Data analysis
A data extraction form was designed and filled out by the reviewers to register data from the selected studies. In case of missing information, the authors were contacted via email. If no answer was received within 2 weeks after the first e-mail, a second e-mail was sent. In case of no response from authors within 1 month after the first contact, the missing information was not included in this systematic review. Demographic data and study design were recorded for each paper (Table 2) . Furthermore, data regarding the types of laser therapy evaluated, application protocols, follow-up, and main results were also extracted (Table 3) . Due to the high degree of heterogeneity in terms of different lasers evaluated in a variety of settings, a meta-analysis was considered inappropriate.
Analysis of risk of bias
The risk of bias of each included study was independently assessed by the reviewers. Animal experiments and clinical trials were evaluated and classified according to the Cochrane Guidelines 20 relative to the following items: selection bias (sequence generation, allocation concealment), Laser therapy and wound healing process Lemes et al. (Continues) (Continues) 
RESULTS

Study selection
In total, 1,540 potentially relevant records were identified from all databases, as shown in Figure 1 . After title and abstract examination and removal of duplicates, 1,104 articles were excluded as it did not satisfy the eligibility criteria.
Of the 19 studies that were retrieved for detailed review, two studies were excluded as it did not evaluate wound healing after laser therapy and tooth extraction 21, 22 and one case report was excluded. 23 A total of 16 studies fulfilled all criteria, 8 reporting animal experiments and 8 reporting clinical trials.
Descriptive analysis
All articles included were published between 1988 and 2016. The majority of animal experiments evaluated the effects of laser therapy in healthy rats, and only two studies analyzed animals that were diabetic or had previously been submitted to radiotherapy. A total of 269 animals and 326 teeth (usually molars) were evaluated. Five different types of laser were evaluated: CO 2 , GaAlAs, Nd:YAG, HeNe, and High-frequency Pulsed Diode Laser. Only one animal study evaluated the initial application of high level laser therapy (HLLT) to coagulate blood and prevent the loss of blood clots after a low level laser therapy (LLLT). 6 The follow-up ranged from 6 hours to 21 days. Only one animal experiment showed that laser therapy with HeNe laser did not improve wound healing. 24 All other studies showed that laser application was beneficial in the wound healing process after tooth extraction. 6, 7, 16, 18, [25] [26] [27] Regarding the eight clinical trials included, six were conducted with a split-mouth design and the other two had parallel groups (Table 2 ). In addition, six clinical trials had a randomized allocation of treatments. Only one study evaluated HIV-infected patients, 15 while seven studies assessed healthy individuals. 1, 5, 14, [28] [29] [30] [31] The results of clinical trials were obtained from 461 subjects after more than 483 tooth extractions. Only one clinical trial 1 evaluated premolars in young patients (12-18 years) , the other seven evaluated alveolar healing after molar extraction in subjects up to 65 years old. 5, 14, 15, 28, 30, 31 Studies also evaluated only LLLT with GaAlAs, HF, He-Ne, and Diode Laser in follow-ups that ranged from 1 day to 6 months. Four studies showed no evidence that LLLT with GaAlAs and He-Ne lasers improved wound healing. [28] [29] [30] The other four clinical trials 5, 14, 15, 31 demonstrated that HF, diode, and GaAs lasers were able to improve wound healing at the settings evaluated and these findings are described in Table 3 .
Risk of bias of included studies
The quality assessment of animal experiments (Figure 2A) showed an unclear risk of bias for random sequence generation and blinding of outcome assessment. Most studies showed a low risk of bias, especially relative to allocation concealment, incomplete outcome data, selective reporting, and other bias. Concerning the quality assessment of clinical studies ( Figure 2B ), these studies received particularly poor scores on blinding of participants and personnel, and blinding of outcome assessment; while for random sequence generation, allocation concealment, incomplete outcome data, and selective reporting the studies generally showed low risk of bias.
DISCUSSION
The results of this systematic review provided evidence that laser therapy could be effective as an adjuvant treatment to improve would healing after tooth extraction. The positive effect of laser therapy was particularly clear in animal experiments, whereas the evidence was not as clear in clinical trials. Thus, the hypothesis was partially accepted, and the present results suggested that laser therapy could improve wound healing depending on the type and setting of laser used. Most included studies showed evidence that laser improved wound healing after tooth extraction surgery. LLLT with CO 2 , GaAlAs, Nd:YAG, and High-frequency Pulsed Diode Laser in animal experiments showed an improvement in the wound healing process and bone repair when compared with control. 6, 7, 16, 18, [25] [26] [27] The only study 6 that used HLLT to coagulate blood and prevent the loss of blood clots before CO 2 laser application (1 W and 10.6 μm applied immediately after tooth extractions) also showed that 7 days after surgery, new bone formation started from the superficial onto the middle layer of the alveolus in the laser group, and around the extraction socket in the control group. At 21 days of follow-up, there was still a concavity in the alveolar crest region in the control, whereas this region presented no concavity and an alveolar crest of increased height in the irradiation group. 6 The four animal experiments with diode GaAlAs laser 16, 18, 26, 27 showed an improvement in wound healing after its application. This laser showed a more prominent formation of trabecular osteoid tissue, 27 faster initial healing with more new alveolar bone formation 16 ; it was able to enhance bone healing and mineralization in sockets, 18 and to promote the formation of a thick interwoven osteocyte-rich trabecular bone, with an evident osteoblastic rimming. 26 Moreover, a recent study with Highfrequency Pulsed Diode Laser (0.28 W and 650 nm) in rats demonstrated and improvement in both soft-and hard-tissue healing of tooth extraction sockets, and a higher expression of osteocalcin. 25 Furthermore, another recent study showed Nd:YAG laser (1.25 mW and 1,064 nm applied immediately after rat tooth extractions and after 2, 4, and 6 days) could promote osteoblast differentiation, as demonstrated by the higher expression of osteocalcin. 7 During the last decades, different ways to enhance metabolic pathways with LLLT have been showed. 17, 32 When laser reaches biological tissues, the light can be reflected, scattered, absorbed, or transmitted by or to the surrounding tissues. 33 The mechanisms of this therapy have not yet been fully identified, especially due to the contradictory results obtained from in vivo investigations developed either in animals 34, 35 or humans. 5, 29, 30, 36, 37 Studies have shown that laser is capable of influencing the proliferation of fibroblasts, 38 osteoblasts, 34, 39 and epithelial cells. 40 Some of these processes are triggered by a wide variety of growth factors. 41 The most accepted explanation for the enhancement of tissue repair is that laser devices offer energy that the target cells can use to stimulate their membrane or organelles. 1 Laser radiation is absorbed by cytochromes in the mitochondria and converted into energy by the cell adenosine-5-triphosphate, which acts in the synthesis of protein and acceleration or stimulation of cell proliferation. 1 At cellular level, enhancement of cell proliferation and motility of fibroblasts and keratinocytes were frequently noted after laser irradiation, which are of significant importance for wound healing process. 32 LLLT can be defined by several parameters, including power, wavelength, and irradiation. 17 The biological effect of a laser depends on its wavelength and mode (continuous or pulsed waves) and reports have indicated that the following interactions may occur in the wound: thermal effect; photoablation; photodisruption; a photodynamic effect; and biostimulation. 6 The LLLT power is within the range of 10 −3 to 10 − 1 W; wavelength between 300 and 10,600 nm; pulse rate of 0 (continuous) to 5,000 Hz; pulse duration of 1-500 milliseconds; an interpulse interval of 1-500 milliseconds; a total irradiation time of 10-3,000 seconds; intensity (power/area) of 10 −2 to 10 0 W/cm 2 , and a dose (power × irradiation time/area irradiated) of 10 −2 to 10 2 J/cm 2 . 17, 32 Although in vitro studies have indicated a potential benefit of this therapy for wound healing, the evidence for the clinical relevance of its application is controversial and differs between studies that evaluated different types of lasers with a wide variety of settings that will be discussed separately in the following paragraphs.
Regarding the animal experiments included, only one did not find positive evidence of lasers. The aforementioned study tested the effect of HeNe laser applied at 0.95 mW and 550 nm during 6 minutes of application in contact with alveolus in wound healing after 21 days. 24 Even when the HeNe laser was clinically evaluated at a higher power (5 mW and 632.8 nm) and a daily application protocol (postoperative for 4 days), no benefit in wound healing was demonstrated. 29 In contrast, the clinical trial 29 showed an improvement in pain relief at 4 days after tooth extraction when laser was applied. However, pain is a subjective measure and the placebo effect of lasers has previously been reported. 42, 43 These results must be interpreted with caution because the control group in the cited clinical trial did not use laser irradiation, which could imply greater pain sensitivity in subjects who were not blinded to this variable.
This positive effect of LLLT was also observed in half of the clinical trials included after Laser HF, GaAs Laser, and Diode Laser application. Laser HF (90 mW and 660 nm; applied for 180 seconds) improved wound healing and decreased pain and swelling, 14 and GaAs laser (33 mW and 940 nm applied immediately after tooth extractions and after 3 and 5 days) not only improved wound healing with increase in collagen, but also with a decrease in inflammatory molecules (interleukins and cyclooxygenase-2 [COX-2]). 5 This type of laser could facilitate autogenous or BMP2-induced bone formation in areas of bone defects. 34 Moreover, Diode Laser (20 mW and 670 nm; and 200 mW and 820 nm applied immediately after tooth extractions) was shown to be beneficial after tooth extraction in two studies; this laser greatly enhanced the formation of new blood vessels that in turn promoted wound healing, 15 and also shortened the first stage of wound healing with the organization of the clot that lasted only 3 days after tooth extraction (whereas, it was prolonged for 1 week in the control). 31 Four clinical trials 1, [28] [29] [30] showed no improvement in wound healing after LLLT, mainly after GaAlAs laser application. This laser did not demonstrate any wound healing improvement when applied at different settings (30 mW and 830 nm; 20 mW and 670 nm; 100 mW and 632.8 nm; 10-40 mW; and 780-980 nm). Two of these studies 28, 29 showed a decrease in pain sensitivity after laser therapy, but as previously described, the results should be interpreted with caution. In a study that compared application of GaAlAs laser (30 mW and 830 nm) with a control in which the laser device was used to simulate irradiation (nonoperating laser model), no differences between treatments were reported for wound healing, swelling, and pain in up to 1-week of follow-up. 30 It is also important to highlight that LLLT also potentiated the wound healing process in immunosuppressed animals and subjects, with this being, an important treatment alternative for patients that may present compromised healing capacity, such as those who are diabetic or HIV-positive, or even submitted to radiotherapy. An animal experiment with rats submitted to radiotherapy showed Diode GaAlAs laser (75 mW and 830 nm applied immediately after tooth extractions) accelerated bone healing, whereas the bone healing process was delayed in the control group. 18 The same study showed that histological presence of mature collagen fiber, early new bone formation, and histomorphometric analysis revealed an increase in the area of bone trabeculae in the alveolus after laser irradiation. Another study with diabetic rats showed Diode GaAlAs laser (0.01 W and 980 nm applied immediately after tooth extractions) accelerated the initial healing process and promoted more new alveolar bone formation. 16 In addition, a recent clinical trial with HIV-positive subjects demonstrated accelerated postextraction neoangiogenesis after a daily application of Diode Laser (200 mW and 820 nm) for 5 days after tooth extraction, which was important to promote wound healing. 15 Further clinical trials evaluating different types of LLLT in immunosuppressed patients are needed to show evidence of this being a reliable adjuvant therapy after tooth extraction.
Different methodologies have been used to evaluate the alveolar wound healing process. Animal experiments have performed histological, 6, 26, 27, 35 and histomorphometric analyses, 18, 25 and evaluated reverse transcription polymerase chain reaction (RT-PCR) 16 and expression of proteins (such as osteopontin and osteocalcin). 7 A recent study 25 also evaluated the bone mineral content, bone volume, and bone mineral density of the extraction sockets by microcomputed tomography. Regarding clinical studies, one 1 evaluated the quality of wound healing by clinical visual inspection and digital photographs using a standardized classification for healing evaluation. A different classification with a point scale was used by another clinical trial. 30 In another two trials, the changes in the bone density were one of the criteria used for evaluating wound healing, by means of comparing digital dental radiographs taken in different time intervals after tooth extraction: 40 days 28 and 6 months. 29 Questionnaires were also used to evaluate pain, swelling problems, and the type of postextraction alveolar healing.
14 Immunohistochemistry of the healing socket was also performed after fine needle aspiration biopsy by one study, 15 and RT-PCR for inflammatory cytokines, collagen, growth factors, cyclooxygenase-2, by another study. 5 The included studies showed marked heterogeneity in the intervention and outcome assessments, and different types of analyses were performed to demonstrate the improvement in wound healing after laser therapy. The different methodologies used made it impossible to carry out a global quantitative data analysis of all included studies, and the use of a more standardized way to assess wound healing process would be important to allow further comparisons in the future.
Although this review covered the main journal databases in the field using a comprehensive search strategy, one important limitation was related to the quality of the evidence for the outcome of interest. Many animal experiments were not randomized or blinded, which decreased the quality of their evidence. In addition, the blinding of participants and outcome assessment was not present in most clinical trials, which could also have influenced the positive effect of laser. While some studies showed a beneficial effect of LLLT in alveolar wound healing, it is important to emphasize that these findings were limited to the types of laser evaluated in the included studies. The emission wavelength mainly influenced these modes of interaction in the target tissue. 23 Furthermore, some studies suggested other beneficial effects of this therapy, such as in swelling and pain reduction, [28] [29] [30] which may also justify its clinic use after tooth extraction.
There was controversial evidence in the literature to support the benefit of using laser therapy in the wound healing process after tooth extraction. In general, studies currently available showed that the laser therapy might improve the wound healing process, and reduce swelling and pain after tooth extraction. However, most of the positive evidences were derived from animal experiments with findings limited to the types of lasers evaluated with specific settings, which emphasized the need for further well-designed and randomized controlled trials relative to this topic.
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